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Abstract 
Basic information concerning a Minimum Quantity Lubrication (MQL) machining is presented in the paper. Generally speaking, 
there are two groups of MQL machining with respect of aerosol composition classification. First group represents the aerosol as 
an air-oil mixture, and second group represents so called advanced MQL systems uses aerosol that includes not only oil but also 
some other components. There are two examples of advanced MQL systems: oil-on-water droplet and advanced minimum 
quantity cooling lubrication machining (MQCL machining). 
Investigation of influence of MQL (oil-on-water droplet system) machining parameters on cutting forces during MQL turning of 
carbon steel St52-3 is presented in this paper. Quantity of oil (10 to 50 ml/h), water (0.3 to 1.7 l/h) and position of nozzle (rake 
plane and clearance plane side of the tool) were factors which influence explored. Experimental results show the appearance of 
minimum cutting force during machining with 1.7 l/h of water, and 10 ml/h of the oil. Also, cutting forces are 17% smaller the 
same ones during machining without coolant and lubricant. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of MESIC 2015. 
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1. Introduction 
The basic functions of a metal working (cutting) fluid are to provide cooling and lubrication and thus reducing 
the severity of the contact processes at the cutting tool–chip and cutting tool–workpiece interfaces. A metal working 
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fluid may significantly affect the tribological conditions at these interfaces by changing the contact temperature, 
normal and shear stresses and their distributions along the interfaces, the type and/or mechanism of tool wear, 
machined surface integrity and machining residual stresses induced in the machined parts, etc. [1-3, 6-8]. In some 
applications, it is expected that metal working fluid should also provide secondary service actions, for example, 
washing of the machined part or chip transportation in deep-hole drilling, in which the metal working fluid 
transports the chip over significant distances [4]. 
According to the manufacturing statistics shown in Figure 1 the total cost for acquiring, maintaining and 
disposing of coolants represents between 8% and 20% (approximately 15%) of total production cost depending on 
the workpiece, the production structure and the production location [5]. In contrast, tooling cost is within single 
digits (usually about 4%). Cost, as well as health and environmental issues, mandate manufacturing enterprises to 
drastically reduce coolant consumption and, if possible, eliminate it altogether. As a result, these trends tend to two 
more economically and environmentally friendly conceptions of machining, termed, dry machining and MQL 
machining or near-dry machining.   
So, MQL machining was developed as an alternative to flood and internal high-pressure coolant supply to reduce 
metal working fluids consumption [1-3]. This technique also known as near-dry machining (NDM), supplies very 
small quantities of lubricant to the machining zone. In MQL machining, the cooling media is supplied as a mixture 
of air and an oil in the form of an aerosol (often referred to as the mist). In literature and in practice, there are no 
accepted classifications of MQL machining so it is very difficult for a practical engineer or plant manager to make 
the proper choice about the regimes of MQL machining and equipment needed [1,3].  
The first level of MQL classification includes a way by which aerosol is supplied into the machining zone: 
x MQL with external aerosol supply (the aerosol is supplied by an external nozzle placed in the machine similar to 
a nozzle for flood metal working fluid supply), and 
x MQL with internal (through-tool) aerosol supply (the aerosol is supplied through the tool similar to the high-
pressure method of internal metal working fluids supply). 
Second level of MQL classification includes composition of an aerosol. Generally speaking, there are two groups 
of MQL machining with respect of this level. First group represents the aerosol as an air–oil mixture. The discharge 
of the oil in this mixture is selected to be in the range 30–600 ml/h depending upon the design of the MQL system, 
the nature of the machining operation, the work material and many other factors. Second group represents so called 
advanced MQL system uses aerosol that includes not only oil but also some other components. There are two 
examples of advanced MQL systems: oil on water droplet and advanced minimum quantity cooling lubrication 
machining (MQCL machining). 
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Fig. 1. Distribution of manufacturing costs for wet machining 
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MQL based on the concept of oil on water droplet is shown in Figure 2, which represents an ideal oil-on-water 
droplet moving towards a hot surface. When the droplet reaches the tool or hot work piece surface, the lubricant oil 
spreads over the surface in advance of water spreading. The water droplets are expected to perform three tasks: 
carrying the lubricant, spreading the lubricant effectively over the surface due to inertia and cooling the surface due 
to its high specific heat and evaporation. 
Investigation of influence of MQL (oil-on-water droplet system) machining parameters on cutting forces during 
MQL turning of carbon steel St52-3 is presented in this paper.  
 
Nomenclature 
MQL minimum quantity lubrication 
MQCL minimum quantity cooling lubrication 
NDM near-dry machining 
W water 
O oil 
NP nozzle position 
FTMQL total cutting force during MQL machining, N 
FTWCL total cutting force during machining without cooling and lubrication, N 
v cutting speed, m/min 
d depth of cut, mm 
f feed of cut, mm/rev 
2. Experimental work 
The experiments were conducted at the Laboratory for metal cutting and machine tools (LORAM) at Faculty of 
Mechanical Engineering University of Zenica. Machining tests were carried out on a lathe. Workpiece material is a 
kind of low carbon, high strength structural steel type St52-3, hardness of 160 HB, tensile strength Rm=500 MPa. 
Chemical composition of mentioned steel is presented in Table 1. Machining tests were carried out by turning in two 
ways: without the use of metal working fluid, and by use of advanced MQL machining (oil on water droplet). 
Turning conditions were: cutting speed v=95 m/min, depth of cut d=1.0 mm, and feed f=0.142 mm/rev. Cutting tool 
was uncoated cemented carbide K10 (ISO 1 R 3232 K10), with standard cutting geometry. Experimental setup is 
shown in Figure 3. MQL machining conditions were as follows, the amount of oil: 10 to 50 ml/h, the amount of 
water: 0.3 to 1.7 l/h, and the position of the nozzle: rake plane and flake (clearance) plane side of the tool. Vegetable 
(biodegradable) rapeseed oil is used. Dynamometer KISTLER 5070 was used for cutting forces measurement. 
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Fig. 2. The concept of the oil on water MQL machining 
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Table 1.Chemical composition of steel St52-3 (%) 
C Si Mn P S Nb Al N 
0.2 0.15 
0.5 
1.6 0.035 0.035 0.02 
0.04 
0.02 0.009 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Natural and coded factor’s levels are shown in Table 2. Machining tests were performed according to plan-matrix 
three factors design of experiment (Table 3). Designation of total cutting forces measured values are: FTMQL – MQL 
machining, FTWCL – machining without the use of coolant and lubricant (machining without the use of metal 
working fluid). 
Table 2.Factor’s level 
Factor  Natural Coded 
Water, W, l/h 
Top level 1.7 +1 
Basic level 1.0 0 
Bottom level 0.3 -1 
Oil, O, ml/h 
Top level 50 +1 
Basic level 30 0 
Bottom level 10 -1 
Nozzle position, NP 
Top level Rake side +1 
Bottom level Flake side -1 
 
 
 
Fig. 3.Experimental setup with detail of nozzle cross section 
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Table 3.Plan-matrix andresults of measurement 
Run 
Water, 
W 
Oil, 
O 
Nozzle position, 
NP 
Total cutting force 
FTMQL, N FTWCL, N 
1 -1 -1 -1 511 597 
2 +1 -1 +1 525 622 
3 +1 +1 -1 516 633 
4 +1 -1 -1 507 614 
5 +1 +1 +1 526 630 
6 -1 +1 +1 528 617 
7 -1 +1 -1 535 659 
8 -1 -1 +1 511 621 
9 0 0 -1 505 631 
10 0 0 +1 502 631 
 
3. Analysis of results 
According to measured results it is possible to design diagram showed in Figure 4. For all cases (all machining 
tests) according to the plan matrix (Table 3) measured forces are always less in the case of MQL machining. 
When calculating the total cutting forces based on measured values of the components, the machining without the 
use of coolant and lubricant gain force FTWCL = 626 N, and the oil on water droplet MQL machining gain force 
FTMQL = 517 N. The obvious difference is, more than 17%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By using appropriate statistical methodology, linear mathematical model for MQL machining was obtained: 
Fig. 4. Results of cutting forces measurement 
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513,072 3,928 0,6375TMQLF W O        (1) 
where, W, l/h, is quantity of water, and O, ml/h, is quantity of oil. 
 
Significance analysis has shown that the position of the nozzles is not significant.  This means that under the 
machining conditions used in the experiment, the position of the nozzle does not influence significantly the total 
cutting force. According to this conclusion, model (1) is obtained. 
Figure 5 and Figure 6 represent model’s results for linear regression (1). According to these figures, optimal 
quantities of water and oil supply were obtained: 10 ml/h of oil and 1.7 l/h of water. 
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Fig. 5. Total cutting force versus quantity of water for MQL machining, according to model (1) 
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Fig. 6. Total cutting force versus quantity of oil for MQL machining, according to model (1) 
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4. Conclusions 
Finally, according to above presented results, it can be concluding the following: 
x Application of MQL machining is much more acceptable from an environmental standpoint because the 
machining used vegetable oil that does not pollute the environment, 
x The amount of oil used is many times smaller than for the classical treatment with heavy use of coolants and 
lubricants, 
x Less cutting force by 17% for MQL machining actually mean less power consumption which is very important in 
terms of energy savings (sustainability), 
x For MQL turning of low carbon steel St52-3, the optimum values of MQL parameters are: 10 ml/h of oil and 1.7 
l/h of water, and 
x Position of the nozzle does not significantly affect the cutting forces. 
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